Abstract. BACKGROUND: Use of Information and Communication Technologies (ICT) are common among adolescents in their daily activities.Exposure to ICT has been associated with discomfort and musculoskeletal disorders in adults, with growing concern about the potential risks to children and adolescents' physical health. OBJECTIVE: The objectives of this study were to (i) quantify self-reported discomfort and exposure to ICT among adolescents; and (ii) determine if associations exist between discomfort and levels of exposure. PARTICIPANTS: The participant group comprised 33 Australian adolescents aged 12-15 years. METHODS: The study used self-reports by participants for a one week period. Intensity and location of discomfort was reported via a written discomfort log. ICT exposure and physical activity were reported through an electronic time-use diary. RESULTS: The most common ICT types reported by participants were television, mobile phones and desktop and laptop computers. Discomfort was reported by 86% of participants. The most frequently reported areas were the legs, head/neck, back and shoulders. There was no statistical association found between ICT exposure and discomfort. The majority of participants exceeded the recommended 60 minutes per day of moderate to vigorous physical activity. CONCLUSIONS: High exposure to ICT and high prevalence of low level discomfort was reported by the participants. Participating in regular physical activity may have some protective effect against ICT-related discomfort.
Introduction
Information and Communication Technology (ICT) refers to any technologies that access, store or communicate information [1] . This includes devices such as desktop and laptop computers, mobile telephones, television (TV) and electronic gaming consoles. The current generation of adolescents access and use these technologies in their home, school and community environments [2] . The period of adolescence includes the onset of puberty until legal adulthood; i.e., 18 years of age. Puberty can commence in some children as early as 11 years [3] ; but for the purpose of this paper, adolescents refers to young people aged between 12 and 17 years. Adolescents use ICT for a variety of reasons, including their leisure activities, to communicate and connect with their peers [4] , and to complete academic work [5] .
The range of ICT devices is expanding and becoming more affordable for Australian households [6] . In Australia between 1998 and 2008, access to the Internet in the home increased from 16% to 72% [7] . Internet access increases by age; with 60% of 5 to 8 year old Australian children accessing the Internet in 2009 compared with 96% of adolescents aged 12 to 14 years [8] . Eighty-eight per cent of Australian adolescents aged 15-17 years use digital technologies to access social networking sites [5] . Use of computers was reported to be more than seven hours per week, by over a third of the 884 Australian adolescent participants in a study published in 2006 [9] . In 2009, another study of 925 Australian adolescents aged 13-19 years (mean age 16.1 years) found that digital technologies were used on average, for over three hours per day [10] . The replacement of physical activity with more sedentary screen-based activities among adolescents is also a concern, since findings show that adolescents are two to three times more likely to watch TV than participate in physical activity [11] . The 2010 Kaiser Family Foundation Survey of approximately 2,000 young people aged 8-18 years in the USA suggests that other forms of ICT (i.e., computers, gaming devices, mobile telephones) do not replace, but are used in addition to, TV watching [12] . With the emergence of multi-purpose single interface devices such as tablets and smart phones, adolescents' exposure to ICT is likely to increase as devices become more portable and further integrated into activities of daily living.
Much of the data of children's ICT exposure are based on self-report measures; with concerns about the validity and reliability of reported frequencies and durations of exposure. However, a recent study demonstrated that end-of-day self-reported exposure to different activities and type of ICT used, among 9-10 year olds was both reliable and valid [13] . Although the participants in that study were pre-adolescent, the findings suggest the use of an end-of day-diary to document exposure may be a more suitable outcome measure for an adolescent population, than using a questionnaire asking about exposure in the past month [14] or estimations of average daily use [15] [16] [17] .
Increased ICT exposure can potentially lead to negative health outcomes. The psychological health impacts of ICT use on adolescents have been raised in the literature [18] [19] [20] , and in the last decade the potential physical and musculoskeletal health concerns have been increasingly reported in the scientific literature [9, 10, 15, [21] [22] [23] [24] [25] [26] . Discomfort is frequently reported by adolescent users of ICT. In a study of adolescents aged between 12 and 15 years, 41% reported experiencing computer-related discomfort [2] . An even higher prevalence (68%) of musculoskeletal discomfort related to using computers was found in Hong Kong [24] . Self-reports of discomfort have been used in prior studies of adolescents, with the most common areas of discomfort among adolescent users of ICT being the neck [9, [27] [28] [29] [30] , back [27, 28, 30] , and eyes [27, 29, 30] . Children as young as 8 years are considered able to provide reports of their health, well-being and symptoms that are as reliable as proxy reports from parents, when using measures specifically designed for the children's age [31] . In fact, children may be more reliable than their parents in their health reports over time [32] .
Temporal exposure to ICT comprises two factors: frequency and duration of use [14] . Duration of exposure to ICT is considered a potential risk factor for discomfort [24] and several studies have found an increased incidence of discomfort with increased ICT task duration [27, 33, 34] . Musculoskeletal symptoms may also increase based on the frequency and duration of ICT use [2, 34] .
Musculoskeletal complaints can negatively affect a person's quality of life and productivity [28, 29] . Since childhood musculoskeletal pain is a strong predictor for chronic pain in adulthood [35] , it is important that childhood complaints associated with ICT are minimised. Adolescents' musculoskeletal systems are still developing and they use ICT in different ways to adults [36, 37] , so it is imperative that evidence specific to young people's use of ICT is generated. The formation of healthy habits surrounding ICT use is vital in adolescence, as these habits are likely to continue into adulthood [38] .
Understanding how young people typically spend their time and the types of activities in which they engage is important in understanding the potential impact to their physical health and well-being. Prior research has explored how 10 year old children participated in different ICT and non-ICT tasks when at school and away-from-school [13] ; however, less is known about the frequency and duration of ICT exposure and discomfort among adolescents. The first objective of this study was to quantify adolescents' self-reported exposure to ICT, the amount of daily physical activity in which they participate, and their musculoskeletal discomfort. The second objective was to determine any associations between the reported discomfort and exposure to ICT tasks.
Methods

Study design and sampling
This was a correlation study of Australian adolescents aged 12-15 years. A total sample of 33 participants was achieved via convenience and snowball sampling, which allowed an r-value of 0.28 or larger to be detected with a statistical power of 80%, and a critical alpha level of 0.05. To be eligible for inclusion participants used ICT at least once per week, for a minimum of 15 minutes at a time, in their normal activities. Any potential participants with a pre-existing diagnosed musculoskeletal disorder were excluded from the study.
Informed written parent/guardian consent and the participants' written assent were obtained prior to data collection. All contact was made via the participants' parent/guardian, through their nominated contact details. The outcome measures and consent form were mailed to the parent/guardian, and reminders were sent via email. Ethics approval for the study was granted by the Curtin Human Research Ethics Committee, Perth, Western Australia.
Outcome measures
Participant demographics were collected through a questionnaire that was mailed with the consent form and other self-reported outcome measures to the 33 participants. The questionnaire recorded demographic data such as age, gender, the types of ICT regularly used, and if they were required to use a laptop (i.e., notebook) computer daily during class at school and for homework.
ICT exposure was self-reported by each participant in 15 minute blocks of time for a period of one week. This was recorded in an electronic time-use diary at the end of each day. The diary was in the form of a Microsoft Excel spread sheet that had been emailed to the participant's parent/guardian upon return of the completed consent form. Completing the diary involved participants colour blocking sections of the diary to represent the time spent each day using different types of ICT, and participating in physical activity. Types of ICT included laptop computer, desktop computer, mobile telephone, watching TV, Nintendo Wii, portable hand-held gaming devices and non-portable hand-held gaming devices. Physical activity was defined as moderate to vigorous physical activity that made the participants "huff and puff". A separate worksheet in Excel was used for each day of the week in an attempt to prevent participants from copying data from the previous day's diary.
Discomfort was self-reported by participants on a body map (with front and rear views) for each morning on rising and each night prior to bed, during the same week that they completed the electronic time-use diary. Participants identified the location of discomfort by circling the area(s) that best represented the discomfort experienced. A numeric rating scale was used to assign a discomfort rating to each body part circled. The 11-point scale was anchored with values similar to that which would be found on a Visual Analogue Scale (VAS); i.e., 0 = no discomfort and 10= extreme discomfort. Prior research identified that the numeric rating scale is as sensitive a pain measurement tool as the VAS, but is simpler to use and has a lesser failure rate [40] , and that for children aged 8-15 years, a 10mm difference on the VAS was required to detect a clinically significant difference [40] . Thus the numeric rating scale was selected in preference to the VAS to measure discomfort in this study.
Data processing
Colour blocks in the electronic time-use-diary were counted for each day, giving the total time spent each day using each type of ICT and time spent participating in physical activity. For the purpose of analysing the locations of discomfort that participants drew on the body maps, sections of the body map were collapsed into broad areas: head/neck; eyes; shoulder; back; upper arm; forearm; hand; leg; abdomen, and 'other'. These broad categories were based on body discomfort/pain locations reported in various prior studies of adolescent ICT users [24, 27, 41, 42] .
Data analyses
Data were analysed using the Predictive Analytics SoftWare (PASW) Statistics package and SAS ver-sion 9.2 (SAS Institute, Cary, NC, USA, 2008). The Kolmogorov-Smirnov test was used to assess the distributional assumption of normality. Age, exposure to TV watching, exposure to other ICT devices, and physical activity data were normally distributed. Pearson's χ 2 test was used to assess any association between gender and different ICT use. Where the expected frequencies were small (e.g., for laptop computer, Nintendo Wii and non-portable gaming device use), Fisher's Exact Tests were used instead. The independent sample t-test was used to compare the mean age and physical activity time between females and males. Pearson's correlation coefficients and their p-values were calculated to assess the significance of any possible correlations between age and exposure to TV, exposure to ICT, and physical activity. A random effects regression model was used to assess any differences in ICT use over the days of the week. The correlations between the sets of observations belonging to the same participant were taken into account (as a random effect).
The General Estimating Equation (GEE) model was used to identify any associations between exposure to ICT and the development of discomfort for each day of the study. In this model, the development of discomfort that was considered to be attributable to ICT use (discomfort in the head, eyes, shoulder, back, forearm, hand or arm), and occurring daily at the end of day was modelled as a function of ICT exposure during that day. The same was done for discomfort related to participation in moderate to vigorous physical activity. Correlations in the data due to the multiple measurements on each participant were taken into account in the model. The critical α-value for all tests was set at 0.05.
Results
Participant demographics
Nineteen (58%) females, with an average age of 13.4 years (SD 1.2, range 12-15), and 14 (42%) males, with an average age of 13.6 years (SD 1.2, range 12-15), returned all required data from the demographic questionnaire, the electronic time-use diary, and the discomfort log. There was no statistically significant difference in the proportion of females and males in the sample of 33 participants (p = 0.95); nor in the age between males and females (p = 0.51). Eight (24%) of the participants reported they were required to use a laptop (notebook) computer daily in class at school and for homework.
Exposure to ICT and physical activity tasks
Total ICT use on each day was calculated as the total of time spent using each type of device (i. There were no differences between females and males regarding regular use of TV (100% use in both groups), laptop computers (p = 0.44), mobile telephones (p = 0.17), desktop computers (p = 0.80), portable hand-held gaming devices (p = 0.062), and Nintendo Wii games (p = 1.0). There was, however, a difference in the percentage of males (71%) reporting they used non-portable hand-held gaming devices compared to 0% of females (p < 0.0001). The ICT use data were subsequently divided into TV and other ICT exposure categories. There were no differences in exposure to TV between males (86 minutes per day) and females (91 minutes per day; p = 0.85) and no correlation between age and exposure to TV (r = −0.1, p = 0.60). Average exposure to other ICT (excluding TV) was greater for males (302 minutes per day) than females (195 minutes per day; p = 0.005), but age and exposure to other ICT was not correlated (r = −0.1, p = 0.76).
Exposure to physical activity was also recorded during the period of data collection. All participants reported participating in physical activity at least once during the week, on average 108 minutes per day (SD = 53.9) ranging from 2 to 229 minutes. As age increased, physical activity decreased (r = −0.4, p = 0.02). There were no differences in exposure to physical activity between males (104 minutes per day) and females (111 minutes per day; p = 0.69). 
Discomfort reports
Of the 33 participants, 31 (94%) self-reported experiencing discomfort at least once during the seven day data collection period. Discomfort reports are further described in Table 2 . Discomfort scores rated on the 0-10 numeric rating scale were recorded for each participant twice per day (morning and end of day); thus the maximum number of reported incidents of discomfort was 462 for the 33 participants over seven days. The number of participants reporting discomfort on each day was calculated and the mean number (across days) is reported in the Table 2 . Note that the mean daily discomfort scores were calculated by averaging the mean scores obtained on each day. Days where no discomfort was recorded in a given body area were excluded from the calculation.
As previously mentioned, discomfort was divided into three body areas corresponding to task diary information, shown in Table 2 . For further analyses, discomfort reported in the back, shoulders and arms was disregarded; since the origin of the discomfort may have been either ICT use or physical activity, based on prior studies reporting the body location of adolescents' discomfort associated with these activities. The average physical activity-related discomfort was 0.20 (SD = 0.3) in the morning (based on all 33 participants, 15 of whom experienced no discomfort), and 0.33 (SD = 0.4) at the end of day. The corresponding mean end of day ICT-related discomfort was 0.18 (SD = 0.2). There were no differences between males and females in any of the categories of self-reported discomfort in the morning (due to physical activity; p = 0.38), or at the end-of-day (due to physical activity; p = 0.56 or due to ICT; p = 0.57). The (paired) differences between morning and end-of-day discomfort due to physical activity differed between genders, with females experiencing an increase in discomfort from morning to evening, while the males showed no change (p = 0.030). Age did not correlate with either form of self-reported discomfort (morning discomfort due to: physical activity r = 0.0-0.09, p = 0.63; end-of-day discomfort due to physical activity: r = −0.03; p = 0.89 and ICT r = 0.27; p = 0.13). There was also no evidence of correlation between end-of-day discomfort due to physical activity and discomfort due to ICT use (r = 0.09, p = 0.59).
Associations between discomfort and physical activity exposure or ICT exposure
To determine if any associations existed between reported ICT exposure and discomfort, a GEE model was fitted to the daily data. In this model, the presence of discomfort in the areas of the body commonly affected by ICT use was the dependent variable, and exposure to ICT and physical activity were the independent variables.
Exposure to physical activity and end of day physical activity-related discomfort were not significantly correlated (r = −0.34; p = 0.056); although the trend was in a negative direction suggesting that those who participated in moderate to vigorous physical activity more tended to experience less discomfort. Similarly, no significant correlation was found between ICT use and ICT-related discomfort (r = −0.01; p = 0.97). However, ICT-related discomfort correlated negatively with exposure to physical activity (r = −0.44, p = 0.011). Hours of watching TV was positively correlated with ICT-related discomfort (r = 0.46, p = 0.009).
No significant association was identified between amount of ICT use during each day and end of day discomfort in the areas of the body commonly affected by ICT use such as the head, neck, shoulders, upper back and arms/hands (r = 0.01, p = 0.86). There was a sig- nificant association between participation in any physical activity on a given day and reporting end of day discomfort on that day (p = 0.04). The coefficient for 'no physical activity' was 0.8 (95% CI: 0.05 to 1.6), so that participants who participated in no physical activity had a greater chance of experiencing ICT-related discomfort than those who undertook some physical activity.
Discussion
This study found that ICT exposure was high among the study participants. Use of ICT (excluding TV) and especially non-portable hand-held gaming devices, such as PlayStation R and Xbox was higher among the males than females; similar to previous reports [33] . The most popular type of ICT used during the oneweek data collection period was TV, with every participant reported watching TV; a finding that was expected and also confirmed by others [11] . One quarter of participants reported in the demographic questionnaire that their respective schools required them to use a laptop computer for daily in-class and homework activities, and so it was expected that there would be frequent reporting in the time-use diaries of laptop computers use. Desktop computers and mobile telephones were the other ICT types also frequently reported in the time-use diaries.
The relatively long period of time reportedly spent each day using a mobile telephone (between 40-70 minutes) could be explained by the purpose of its use. With the emergence of smart phone technology, mobile telephone devices are no longer used purely for messaging and calling people but also for accessing the internet and gaming [43] . This additional functionality is likely to increase the duration of exposure to these particular ICT devices.
Participants in our study reported using ICT frequently and for long durations of time before taking a break; both of which are considered risk factors for increased musculoskeletal discomfort [44] . Discomfort prevalence was high among the sample; with nearly all participants reporting discomfort at least once during the study. The most commonly reported areas of the body being the head/neck, back and shoulders, similar to prior reports from child and adolescent ICT users [27, 45, 46] . Females tended to have increasing discomfort related to physical activity from start of day to end of day; whereas, males reported little change in the presence, location and intensity of discomfort over time. Despite the high prevalence of discomfort and high ICT exposures reported by participants, no statistical association was found between ICT exposure and reported discomfort.
Our study found that increasing age was associated with a decline in levels of moderate to vigorous physical activity among both male and female participants; a finding supported by others [47] . However, despite being high users of ICT, the mean durations of physical activity among both male and female participants exceeded the Australian government minimum recommendations of one hour per day of moderate to vigorous physical activity among children and youth [48] . Participation in physical activity appeared to have a protective effect for ICT-related discomfort, among our study participants. Such an association between highlevel physical activity in childhood and a reduced likelihood of developing back pain in adolescence has been reported by others [49] , and our study adds to the research evidence by identifying the health benefits of physical activity in lowering risk for musculoskeletal discomfort among high users of ICT. Males and females in our study watched similar amounts of TV during the study period, and an increase in sedentary TV watching was associated with an increase in their reported ICT-related discomfort. Prior studies also found high exposure to TV watching was associated with an increased risk of low back pain [50, 51] among adolescents.
When interpreting the findings of this study, a number of potential limitations should be considered. The study was based on self-report outcome measures, relying on the participants' recall of time use and discomfort and remembering to complete the electronic time-use diary and discomfort log in a timely manner.
There was some discrepancy between the types of ICT participants reported they regularly used in the demographic questionnaire completed prior to filling out the time-use diary, and the types of ICT reported in the one-week time-use diaries. This may be due to the limited data collection period that provided only a crosssectional snapshot of the participants' ICT use during one week. The phrase 'regular use' in the demographic questionnaire was not defined, and therefore may have been interpreted differently by participants. For example, in the demographic questionnaire, participants reported more hours of regular mobile telephone use than in the time-use diary. These differences may have also been associated with participant recall and sensitivity of the electronic time-use diary. For example, mobile telephones (and other types of ICT) may in fact have been used more frequently than reported in the diaries; but some occurrences may have been for less than the 15 minute increments in the time-use diary. As a consequence, the total duration of mobile telephone use by the participants may have been under-reported.
Another limitation of the time-use diary was that it only allowed one ICT type to be recorded in any time period. In reality, participants may have been using multiple ICT devices simultaneously. This needs to be taken into consideration for future studies, because multi-tasking with ICT is not uncommon among adolescents [52] and may affect the experience of perceived discomfort.
The study measured participants' discomfort scores at the beginning and end of the day; therefore, it was not possible to pinpoint the exact cause of reported discomfort. Although it did provide an insight into whether discomfort increased throughout the day, and whether discomfort may have been episodic or carried over from day to day.
Difficulty in recruiting adolescents willing to complete the time-use diary resulted in a small sample size.
The small number of participants limits the generalizability of the findings beyond the study sample. Future studies should therefore aim to include a larger representative population. There is also a need for longitudinal studies to determine the changes in age-related participation in ICT tasks and physical activity, and the longer term impacts of high ICT exposure on physical well-being among adolescents as they physically mature.
Conclusions
In conclusion, this study revealed that the prevalence of low level discomfort was high among a sample of 12-15 year old Australian adolescents. The most frequently reported areas of discomfort were the legs, head/neck, back and shoulders. The types of ICT most used during the one week study were TV, desktop and laptop computers, mobile telephones and portable hand-held gaming devices. There was a large variation in terms of exposure to each ICT type between days. Most study participants reported high exposure to ICT tasks (based on frequency and duration of use); however, there was no statistical association found between the level of exposure to ICT and discomfort reported. The majority of participants met the Australian guidelines for engagement in daily moderate to vigorous physical activity, which may have had a protective effect on the intensity of ICT-related discomfort reported. There is a need for future studies to involve a larger representative sample population in order to gain a better understanding of the association between ICT exposure and discomfort.
